Response time (RT) is a critical human factor that influences traffic flow characteristics and traffic 2 safety, and is governed by drivers' decision-making behaviour. Unlike the traditional environment 3 (TE), the connected environment (CE) provides information assistance to drivers. This in-vehicle 4 informed environment can influence drivers' decision-making and thereby their RTs. Hence, to 5 ascertain the impact of CE on RT, this study develops RT estimation methodologies for TE (RTEM-6 TE) and CE (RTEM-CE), using vehicle trajectory data. Due to the intra-lingual inconsistency 7 among traffic engineers, modellers, and psychologists in the usage of the term RT, this study also 8 provides a ubiquitous definition of RT that can be used in a wide range of applications. Both 9 RTEM-TE and RTEM-CE are built on the fundamental stimulus-response relationship, and they 10 utilise the wavelet-based energy distribution of time series of speeds to detect the stimulus-11 response points. These methodologies are rigorously examined for their efficiency and accuracy 12 using noise free and noisy synthetic data, and driving simulator data. Analysis results demonstrate 13 the excellent performance of both the methodologies. Moreover, our analysis shows that the mean 14 RT in CE is longer than the mean RT in TE. 
The connected environment (CE) consists of vehicles enabled to provide the surrounding traffic 2 information to drivers through vehicle-to-vehicle, vehicle-to-infrastructure, and vehicle-to-3 everything communications. This in-vehicle informed environment can fundamentally transform 4 drivers' decision-making, thereby impacts driving behaviour parameters such as desired speed, 5 desired time gap, and response time (RT) (1). Vehicular trajectories embody characteristics of 6 individual driving behaviour and can reflect the change in driving behaviour parameters due to 7 CE. Many useful measures can be easily derived from vehicle trajectories, e.g., individual speed 8 and acceleration profiles, spacing, and time headway. However, to estimate driving behaviour 9 parameter such as RT, sophisticated data analysis techniques are required. Thus, this study 10 develops trajectory data based methodologies to estimate RT in CE and traditional environment 11 (TE) (vehicles in TE receive no information assistance). 12 Several definitions of RT and reaction time are available in the literature. In human 13 factors literature, Scott and Gray (2) defines driver RT as the difference of the time when the 14 stimulus is presented and when the driver responds. Boff and Lincoln (3) and Green (4) suggest 15 brake reaction time consists of mental processing time (sensation, perception, response selection 16 and processing), movement time, and device response time; and a few studies report that total 17 braking time has two subcomponents namely, brake reaction time and movement time (5, 6).
18
While in traffic flow theory literature, e.g., studies on stimulus-response car-following (CF) 19 models, the reaction time is defined as the time taken by the follower to respond to the leader's 20 stimulus (7) . Surprisingly, the same phenomenon, i.e., the time from the onset of the yellow light 21 to the time when the brake pedal is pressed, is termed as perception response time (8), brake-22 response time (9), and many other names (10) . 23 Definitions above reflect inconsistency among researchers, modellers, and psychologists 24 in using the terms RT and reaction time when defining the same stimulus-response phenomena. 25 Starosta and Petrynski (11) reports this inconsistency from the perspective of human movement 26 science. They report RT as a combination of latent response time and apparent response time 27 whereas reaction time is equal to the latent response time. They also suggest that "terminology is 28 one of the basic epistemological assumptions of any scientific discipline" and the existence of 29 semantic incoherencies in science can lead to improper building of models. Therefore, in the 30 field of transportation research, there is a need for a universally accepted definition of RT and an 31 unambiguous distinction between RT and reaction time. 32 RT is a critical driving behaviour parameter that influences traffic flow efficiency and 33 traffic safety. Moreover, it provides a robust measure of the driver attention (2). For TE, RT's 34 influence on traffic flow characteristics, and the impact of human factors such as age, gender, 35 distraction on RT are discussed elsewhere (12). Previous studies demonstrate that an increase in 36 RT compromises the traffic flow stability in CE and TE (13, 14) . Due to CE's novelty, RT's 37 impact on traffic flow characteristics and traffic safety are still elusive.
38
Motivated by the aforementioned gaps, this study aims to achieve the following leader's hard deceleration and to an advanced message about the same in CE.
8
The remainder of the paper is organised as follows. The next section provides the 9 definition of RT, discusses the difference between RT and reaction time, and reviews previous 10 RT estimation studies. After this, the data collected from a driving simulator experiment are 11 briefly described. Thereafter, RTEM-TE and RTEM-CE is presented. 
A REVIEW OF RT ESTIMATION METHODOLOGIES

27
In general, RT is estimated either using trajectory data or using physical responses recorded in time, and brake-to-maximum brake press time. Previous studies directly applied the aforementioned approaches to trajectory data 9 without rigorously assessing their capability and reliability in estimating RT. Moreover, it is 10 unclear how sensitive these approaches are to different levels of noise in trajectory data. In the CF section of the experiment, the leading cars (programmed vehicles) followed the 27 speed profile displayed in Figure 2 whereas the driven car's (car driven by the participant) speed Importantly, advanced event-triggered information ('leader braking hard') was provided to the Mexican hat wavelet because RT estimation is based on change point detection.
24
The wavelet transform coefficient of a continuous signal ( ) is provided in Equation (1): corresponding to an abrupt change in the time series of speed (Figure 3(a) ). Thus, this approach 34 is adopted in this study for accurately estimating RT. Note that WED is unitless and is produced 35 after averaging across all scales and this averaging can sometimes cause an early or late 36 detection of abrupt changes. To avoid it, we can limit the range of scales within which the 37 wavelet-based energy is used. Refer to Zheng and Washington (33) for more details. However, 38 we did not limit the range of scales since it is difficult to be automated, and thus is difficult to be 39 implemented at a large scale, a feature important to this study. RT estimation methodology for CE (RTEM-CE) 6 In CE, both the leader's change in driving behaviour and the information assistance provided 7 will serve as a stimulus to the follower. Unquestionably, a stimulus-response relationship will 8 also exist between the information provided and the follower (assuming that driver complies 9 with the information). Contrary to TE, a leader's speed profile in CE will lack signatures of 10 information stimulus i.e., the time when information is delivered to the driver, thus, RTEM-TE is 11 unsuitable for estimating driver's RT to the information provided. Nonetheless, it is reasonable 12 to assume that data collected from connected vehicles will have observations of time whenever 
where is the time when an information is delivered to a driver, and is the 27 time when the first peak appears after on the WED curve of the speed profile. 
Assessment of RTEM-TE
26
In general, when generating synthetic data, leaders' trajectories are selected from real data and 27 followers' trajectories are generated using a CF model. Since the ground truth of stimulus points 28 will assist in rigorously assessing RTEM-TE, synthetic leader trajectories are also generated. In 29 addition to RTEM-TE, we apply the DTW based method (29) on synthetic data to estimate RT, 30 and compare RTEM-TE's performance against DTW's. 
10
Assessment of RTEM-CE
11
We test RTEM-CE using the advanced event-triggered information to ensure that the driver's 12 response is only to the message rather than the leader's action. Note that DTW is unfit for presented in Equation (9) and (10): 
Numerical Experiment II
27
The efficacy of RTEM-CE is also tested using noisy data. The procedure to introduce noise and corresponding to only low-speed emergency sections of TE and CE, are utilised.
13
In TE, the leader's hard braking behaviour is the stimulus, whereas in CE, the message 
CONCLUSION AND FUTURE WORK
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RT estimation methodologies for TE (RTME-TE) and for CE (RTME-CE) are developed by 5 utilising the wavelet transform's power in detecting change points in time series. Both RTME-TE 6 and RTME-CE are rigorously examined for their efficiency, accuracy, and reliability using noise 7 free and noisy synthetic data, and driving simulator data. The analyses results demonstrate the 8 excellent performance of both the methodologies. Thereafter, RTME-TE and RTME-CE are 
